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1 Visiting Astronomy at the Call  acla-1’’ra]lce-ll  awaii  “J’clmc.opt, wrllic.h is ol)matcd by NllC

Canada ,  CNRS l;ranc.e,  and the lJnivcrsity  of IIawaii.

AIISTRAC’I’

Using tllc Canada-France-llawaii ‘1’clccopc  (C1’11’i’)  we have obtained three closely

spa.ccd epochs of calibrated 13VI{1  CC]) imaging of two fields in h181, each known to contain

a thirty-day Cepheid. lJ]~der the assumption tltat tlic two Ccphcids  arc repmscntative, the

]lllllti-lvavelc]lgtll lIVI{I  l~crio(l-lu]lli]losity  moduli s h o w  cvidc]icc  for o]ily a s l ight  mldcning,

lI;(I] –V) N 0.03 – 0.04 msg. ‘1’he  Ccphcid-clcrivcd t]uc clistancc modulus  to  h181 is dctcrmi]led to

be (m – M). = 27.75 mag, concsponding  to a linear distance of 3.5 h4})c. An error analysis sliows

that the derived distance modulus has a rclndom  c?ror of +0.28 ]nag  (due to tllc photo] netric

unc.crtainties  in the IIVIU  data) and a sy.sic?ncltic  u?2ccrlai?2iy  of 40.1 () mag (CIUC to Lhc combined

cfrc~ts  of unknown phasing and the unknown ]Jositioning of these stars withi]l  the Ccphcid

i]~stability strip. )

Calibrated IIVIL1 pllotomct]j’  of tlic brightest stars ill thcw sa]ne (;cI)llcid  fields is also

pmscntcd.  ‘1’lic position of the blue plull~e ill tllc color-]  ]]agnitudr  diagran~s of the surrounding,

M81 field populat ion indicate  a  genera] field mldcning,  in the range 1;(11 - \’) N 0.05-  0.14 ]Ilag.

‘J’hc S1O])C  of the luminosity function frol[i tl}c b]iglltcst 3-4 ]nag  of the I)]uc  ]) IUIIIC is co]lsistcnl

w i t h  si]nilar detcrmillatiolis of tllc a])l)a]cnt lu]ni]losity fu]lctioll  ill otllcr resolved  galaxicsl

tllcml)y removing  the one ])otcntial d e v i a t i o n  from  univcrsalit y noted I)y 11’md]na.]1 ( A\),J, 299,

74, 1985)  in llcr  ])lkotogra])llic  study of lu]ni]losity functio]]s ill lIcIa Il)y resolved galaxies.

,Subjcct  hc{idi72gs:  galaxies: i]ldividua] (M81 )  galaxim: distallcm stars: Cc])llci{ls
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1. INTRC)DUCYI’ION

‘1’hc  spiral galaxy MS]  continues to be important calibrator for  a number  of secondary

methods used in the cxtragalactic distance sc.ak  (see l’recdman  and Mad ore 1992 al~d references

therein for a rcccnt overview). And the discovery of SN 19!33J in that galaxy (Itipcro  1993) ol~ly

hci.glltcns  the interest in indqmdcntly  knowing this galaxy’s true distance modulus. 1+’ina]ly,

in anticipation of the complementary Ce]lheid  observations being made by the Jlubhlc  S]MCC

lkkscopc  (11ST), wc present the following ]]~l]lti-i~ra~’clc’l~gtll analysis of our remaining, calibrated

ground-based data on two of the known  Ccpllcids in h481 and tl]c  surrounding resolved stellar

populations.

]n the mid 1980’s we began a program

galaxies M81 and MIO1, with tllc intention

systems,  and at the same time dctcrlnining

at, the C.1’11’J’  a imed  at l]~o]litorillg  fields  ill tllc

of discovering new’ Ccp]lcid varial>les  in these

t ime-averaged magnitudm and lll~llti-kva~~elc]]gtli

colors at least for tl]c  two kIiown  3 0 - d a y  Ce])lleids  in h481 (Sandage,  I)rivate colll]]l[]llic.atio]l).

Such observat ions  were dcsignw]  to l)ctter define  the reddcni]lgs to t hcsc Iariablcs and thereby

provide more accurate distances to t]ie  galaxies as a \vliolc. in tllc first season, data were

ob t a ined  in four bandpasses  on tllrec consecut ive ]]ights.  IIut  sul~scquent seasons were not.

awarded t ime.  Acc.ordi]igly,  wc iverc left with a s]liall  and i]lcolnj)lcte data set wllicll  was ]Icitllcr

sufficient for the l)urposes of discovering new (.~epllcids ]Ior exlcllsiv(’  eIIouglI  to u])equivoca]ly

define mean properties of the kl]owu  oues. It was our hope to supplc]tle]lt these okrvationsovcr

the years at other  tc]cscopcs, b u t  u n f o r t u n a t e l y  tile ~vcatlier  ]tas Iiol bce]l kind  to this projwt.
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Nevcrthclcss, tllelJrcscl~t ol~scrvatiol~sdo  contain information (c.alibratcd shorter wavelength

optical magnitudes and colors) that go WCII beyond the single-epoch l-band  data points that wc

published some ycarsago (Freedman aud Madore 1988).  ‘1’here wc presented  the first cvidcncc

that  M81 isin fact at adistancc  ofapproximatcly  3.3 Mpc ((m – 14) = 27.6 Inag). ‘1’his i s  much

smaller than the a.pparcmt  11 modulus of 28.8 mag being advoc.atcd at that, time by Sandagc

(1984); but it is very similar to the distance of its nearby ncig]lbor NGC 2403, for which wc also

publ ished,  in that same study, a statistically more swum ]-band Ccphcid distance of 3.2 N41)c

((m – M) = 27,5 mag), based on 8 Ccpheids.

II. OBSERVATIONS ANI) DATA REDUCTION

When we first embarked on this project, finder charts and periods for tllc two 30-day

Ccpheids  in M81 were  very liil~dly supl)licxl  to ONC of us (WI,l  IT) by Allall  Sandagc. ‘1’hc

identifications of those fields  surrounding the Ccplleids arc give]l in l’igure 1. lIVI{I  CC]) frames,

ol)taincd at the Cl’’]]’]’  on tllme consecut ive ]Iights  ill * + ] ~~*, WCr C rcduced ill tllc same! manner

as described in Wilson,

systcll~  using l,ando]t (.

equations.

l~rccdmall  and  h4adore  ( 1 9 9 0 ) ,  l~cillg tied to tllc sta]ldard  Kroll-Cousills

983)  photoc]ectric  Standards  for t]ic  exti!lctioll a]]d Lrallsforlllatioll

‘J’lIc  Cepheid data for variables V2 and V30 arc givcll  ill ‘J’able 1; and p]iotomctry  for the

scwcral  hundred of the brighkst  stars i]) eacli  of tile two Ccphcid fields  ace given  in ‘1’ables  2 a]ld

3. ‘1’hc  latter olmrvations  haw provc]l  to k especial ly im]wrtallt ill tying dow]l  the absolute

calibration of our 11 S’1’ Wide-l~icld Camera olm]vations  of an o~’cr-la])])in~ Ccj)hcid  search field

ill this galaxy. ‘11]10 d a t a  arc prcscntcd hew in antici])atioll alkd ill a i d  o f  tlIat IIiorc extcllsivc

scarcll for Ce])hcids  i]] h481 using 1 1  S’1’ (1’rcwd]na]i  c1 [//. 1994 ). and as a follow-u])  to tile s i ng l e

wavclcmgtll  study of 1< ’rccdmans & h4adore  ( 198 S).
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111. TIIE MULTI-WAV12LENGT11  I’EIUOD-LUMINOSITY RELATIONS

Given only three closely spaced lIVR1 olxmrvations of jmt two Ccphcids is there any point  in

attempting to derive a true distallcc modulus to h481 ? ltt tlte following we will show that even

with only two Ccphcids  in the sample a qual~titative (systematic a]ld random) error  analysis

shows that the results are robust  and  precise at tl)c  1 ()-]wrccnt  level in distance.

Case A W c  begin here by cousidcring tlic c.asc where tllc two  Ccphcicls  arc rcprwcmtativc

of tllc mean; that is, (1 ) the i]]tcl~sity-a.v~]agc(]  mag]litudes of tl~e tllrcc observed data points  pcI

star arc rep]cse]]tativc  of t]le  true mcml  nlagllitudcs of tl~c ck]JIIcids,  aIId (2) tllc average of tlIe

two Ccphcids’  recall ulagllitudcs  is il~ tum CIOSC to tile ccJI(ral  ridge line of tl]c instability striJ).

[Jnclcr  these assumptions the resul t ing a])])arel~t  ]]lodu]i  arc (III – M )B Z= 27,88, (ID – M)l, =

2 7 . 9 6 ,  (m --- M)R  = (Itl – N4)1 = 27.94 IIlag. ‘1’IICJ were  derived by minimizing the residuals

between tl~c f iducial  I,MC long-  ~jcriod Ccpllcid  data set dcscribcd ill h4adorc and 1{’rccdrnan

(1 990) using l’;~;~~ = 0.~7  111~~  and  (N  I  –  h4)~;Nfc;  :- 18.50  ]Ilag. ‘1’lle a])l)arcllt nloduli,  ])lotted

as a function of inverse wavclcligtll, arc shown in l’igurc 1. l\ccausc tlic d:ita ])oillts at each of

tllc foul wavclmgths arc for tl)e  sallle Ccplloids, tllc data ])oints  arc strc,llgly corre]atcd ( t h r o u g h

their ef~cctivc  t,empcratures and t h r o u g h  tllcir rcddcllillgs). ‘J’hc solid li]le is a stm)dard  C;alactic

cxtinctiou  law  (Cardc]li  ct c(I. 1989) scaled a]ld fitted to tliat colrc]atio]l: the scaling gives

l’1~~~~  = 0 . 0 3 5  mag, and tllc illtcrcc~)t  at l/A = 0,0 gives  (1]1 – 14 )(1 =- 27.75  jnag.

a) Sys{c?)l[lfic  },’?.  [’01’ A T){llysf’s

‘J’o asscss tl~c syslr?~}o~ic  crlo~s t]lat II]igll(  rcsu]t  fcolll tl]c z~fo}(~)]lcllti(jllc,~] SCt of d e f a u l t

assulnptions  Wc ]1OW cxalnillc solnc cxt, rclllc  cases  i]lvo]~ri]ig lrlaxilllul[i  dcl~iatiol]s  away fmln lncall

light and maximum displacement froln  t IIc ridge lillc of t IIc ]}clic](l-lll}llil~osity ( l’1, ) relation,

IIotll t,lic w i d t h  o f  tlIe  i)lstability stril) a])d tl)c  lulllillosity :Illll,litl[dcs  of (’cl)llci(ls  dccrcasc
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with increasing wavelength. Scaling relations for these quantities as a fuuction of Wavchmgth  arc

WCI1 known (see Madore and Ilccdman 1991 for the latest aljsolutc width for the instability strip

at a variety of wavelengths, and sec l’rcedmau 1988 for a calibration of the amplitude ratios).

For instance, in the blue, the full width of tllc ]Jcrio[l-llllllillosity  rclatio]l is about 1.50 mag

(Madorc  and F’recdman  1991), such that a star residing on tllc rcxl (blue)  edge of the instability

strip would appear 0.75 mag fainter (brighter) than tllc ridge-  lilic lncan. III addition, given

a 11 amplitude of 1.2 mag for a ty])ical  Ccphcid, that sa]ne  rcd-cclgc  (hluc-edge) star cau  bc

yet another 0.6 mag fainter (brighter) than the ridge lillc if observed at Ininimum (Inaximum)

light. l’hc total apparent modulus error in 1] could tllcll be 1.:35 mag, or about a fidctor of two

in derived distance, if no corrections for rcddcnimg  were a])plicd. Scal ing these 11 ll~agnitude

examples to the remaining three wavelengths ancl examining a few cxtrcllle combinations we

present three additional intcrprctatio]ls of the M81 data in deriving reddcwillgs  and true modu]i:

Case 13 At mca.n light the two Ccplleids intrillsica]ly reside on the cclitral ridge ]inc of tile

1’1, relation, but the stars arc both c.oinc.idclltally  sewn at IIlaxilllum  liglit. ‘1’0 accolnmoda.tc  this

possibility scllli-alll])litll(lc off-sets of 0.60, 0.40, 0.26  and ().’20 lnag \vcrc  a])plicd  to tllc IIV1{I

d a t a  points  respcctivc]y,  and tl~c fittilig ]Jrocedure  rc-a])])licd. IIltcr])rctillg tllc residuals rcsultin.g

as being due solely to reddening gives  (m – Fi4)o = 27.60 it)ag,  \vitll 1;(11 - V) = 0.22 m s g .

case c llcrc wc assume that tllc average of tl]e  (;cpllc’id data ]Joints  are observed near their

mean magnitudes, but, now tile two stars reside intrinsically 011 tlIe hluc side of tl)c  instability

strip. IIalf-strip-widt]l off-sets of 0.72, 0.54, 0.44 and  0.36  IIlag rcspcctivcly, were a])])lied to the

I]VR1 data points to simulate the eflcct of this assuln])tioli. l’itling  tlic rmultillg  residuals to a

reddening law gives  (m – M)O = 27.81 lnag, ~vitl~ II;(1I  - V) = 0.20 l~lag.

case B + c In tl~is ]nost cxtrelne case tile two (;e])]leicls intrillsica]ly reside on tlie l)Iuc side

of the 1’1, relation, and tliey are both Silllultalleously ])assilig  llIrolIglI  I]laxilliuln Iigllt. (k)llll)illed
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amplitude and strip position ofr-sets as given above (1 .32, 0.94, 0.70 and 0.56 mag, respectively)

were adopted. ‘1’he resulting distance modulus a]ld reddening fit gives (m – M). = 27.62 mag and

E(l] – V) = 0.38 mag, re.quircd  to lnake the stars appear to IJO unrecidcncd  as they do in l“igurc  *

when trcatwl as in Case A.

I’or the presently available A481 data, the derived a])])arcllt 11 lnoduli, under the various (and

extreme) assumptions give]] above, range from 27.88 mag (assuming the stars are at the mean

in all respects) to 29.20 mag (if it is assumcx]  that the stars arc maximally bright). IIut almost

the full impact of these eff’ccts  on the apparent distance moduli are compensate.d for by the

methodology employed in accounting for reddening and deriving a true modulus. This is because

of tile closely parallel (almost degenerate) tracking of Cep]leid  colors with effective temperature

and with reddening. Correcting fcjr any onc  effect silllultallmus]y  tends to corrects for tile others.

‘1’llis is graphically dcn]onstrated  in l’igure *, wllcrc  tllc resulti]lg fits for tile fc)ur cases c]isc.ussed

above arc  shown assunling  that oll]y rcddcllillg is causing tl](! dcviatiom, l)ut  it ncvcrtllclcss

corrcc.ts  for ampli tude and/or  stri]) ])ositionillg. }Vllile Lllc [{ppmcnl  nlodvli  arc very different, tllc

scatter in the derived true modulus is a factor of six slnallcr tllall tllc 11- band solutions, IIaving  a

toi[(l  mngc of only 0.2 l]lag.

With the total range quoted ahovc equakd  to a two-sig]na mtimator of the error in tile true

modulus, as induced by systcnlatic errors (i]] LIIC strip position aIId phasi]lg assumptions) the]l

wc conc]udc that a single Ce])l]c’id  (with an [I priori kI~ow II ])criod)  observed at one phase, i]~ at

least two, well separated wavelcngtlls can givca trucdistancc  ]Ilodulus  good (040.1 msg. Such

all error  will scale down further with <hi, w’lIcIrcI for s]llall  sal]]])lcs, N can I)e citller tile number

of Ccpheids or the numl>cr  of randolnly  CIIOSC]I  ohservatiolls of a ~ivc]] ~kpllcid.
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IIaviag  considered several potential sources of systematic error the following analysis

indicates that the dominant source of uncertainty in deriving a true distance modulus to M81

is the photometric accuracy of the data point tllcmselves.

To assess the numerical importance of these (ranclom)  errors on tl~e derived true distance

modulus wc performed the following test using the data at hand: l’or each set of simultaneous

HVRI  observations of each star (i. e., lIVI{I  photometry on three ILights of two stars = six

sets in all) wc independently determined rcd(lcllillg/clista~~ce  modulus solutions using the

multi-wavelength fitting procedure. ‘1’he average  of the six true moduli dctaminwl in this way

is (m – M) = 27.76 4:0.28  mag, with an average rcddcming  of 1;(11 – V) = 0.05 40.07 ma.g.

A comparison of tliis rall(lolll-])l~ otolllctlic-crlor-ill cl~lc(’(1  uncertainty wit]l  tllc systclnatic

error analysis indic.atcs that in this s])ccific case of tile h481 (kl)llcid observat ions,  the

photolnetry  itself is still limiting tl)c l)rocisioll  of tllc’ solution, IIot tlic s]nall  lLuml)cr  of Ccphcids.

A factor of three improvement in tllc randoln  error associated with tllc dcrivwl  true distance

modulus  could have been obtaincx]  l~y our having acquiring l~c’ttcr ])llotol]lctry on tlic two know’11

Ccpheids  before tile systmnatic cfl’ects of strip ]Jositioning and I)llasillg  would ILavc I>cen of

comparaMe concern. ‘1’he intercstin,g result to cmcrgc is that (IIC sample size is not as big  a

limiting factor as one might naively assulnc. ‘]’]lc l~cllavior  o f  (kl)])cids in phase and within tllc

instability strip is such that in correcting for rcddming  usin~ our l)l~llti-iva~’(!l(’llgtll lnQtllodologY

we implicitly ac.coullt  for a major ])ortic;n  of tllosc I)otc]lti:illy lar~e systematic errors occurring at

tllc individual (uncorrected) w’avclcwgths.
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IV. ‘1’IIR COLOR-MAGNITUDE DIAGRAM AND TOTA1, REDDENING

As noted in a recent paper (Madore and l’rcwdman  1992), with the use of only a single

(but deep) color-magnituclc  diagram it is possib]c  to estimate a total average extinction to

extragalactic systems us.illg the color shift of the hluc plume of stars defining the upper main

sequence within the galaxy itself. WC IIa.vc done this indcpclldcnt]y  for each of the two Cepheid

fields. Restricting our attention to stars witli 20.0< V < 22.5 lnag (to obtain  a suflcicntly large

sample of stars with lnoderatcly small lncasurcmcnt  errors) and (11 — V) < 0.7 ma. g (to eliminate

highly evolved objects) wc estimated tllc ccntcrlinc of tllc l~luc plume to be (11 -- V)  = 0.14 d 0.03

msg. for the the V30 field, and (11

stars contributing to the solutions

1613 (SW l’recdman 1988, where (1

– V) = 0.05 ~. 0.01 mag for tllc V2 ficlcl, with 43 and 64

cspcctivc]y. [Jsing  the intrinsic. color of the blue ~)lumc  in IC

– V). = –0.25 lna.g)  as fiducial, wc then derive rcddcnin,gs

of 1’;(11 – V) = 0.39 and 0.30 mag for the V30 and V2 fic]ds,  res])cctive]y.  q’hcse  va]ucs  arc not

unl ike those derivccl  by Zickgral)ll  & IIulnphrcys  (1991 ) in their pllotograp]lic study of the Lriglit

star population of M81 ; ncvcrtllc]css these are large-scale averages, and given tllc ])atchy nature

of dust lanes, the.sc cnscmb]e averages ~ ~l~loted al~ov~~ sllo~lld 1~~1 tr~a~~d  witl~ care, a s  tl~~:.y  IUay Or

m a y  not be ap])licable to ally  given  ol>jcct  or other  classes of ol)jects in the same galaxy.

V. I, UMINOSITY 1~’UNCTIONS

A s  a final  Hote,  wc ])rcscllt  llcre  tile lulnillosity functions  fol  tl)e  l~~aill-sc){l~lc~llct,  ])o])ulatioll  o f

stars  in tllc two Cephcid fields ill M8]  . 1]1 ltcr  study of the lulllillosity fulictions of tl)c  b r i gh t e s t

blue stars in nearby galaxies l’remlnlan ( ]985) noted that o]ll~’ OIIC ga]ax,y deviated sigllific.antly

in tlic SIO])CI  of its ]umillosity function;  that galaxy was  M81 . IIoweve],  ill tllc case of M81 the

limiting magnitude of the ])hotogra])llic  survey was ratlicr shallow, and that was tllc galaxy for

which the photometric calil)ratioll was t]le  least secure. }\ltl IouglI ]tlorc  li]nitcd iI] areal coverage,

t h e  CC]] da t a  ])resc]itcd  ill this I)a])er go dccl)er, and d o  re])reselll  a stc]) forik’ard ill plloto]llctric
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accuracy over the original photogra])hic  study.

l’ollowing  the precepts of lbecdman  ( 19S5) the blue plu]nc stars were  sclcctccl  by a ml color

cut-off clcsi.gncd  to compmsatc for tile average line-of-sigllt rcddclling, eliminate foreground

stars in our galaxy, and exclude highly evolved stars ill the: parent galaxy, without significantly

dep]cting the numbers of stars making up any given  magnitude bin down the main scqucncc.

The results are shown for each of the two Ccpheid fields  in l’igurc *. ‘J’hc data for the V2 field

arc off-set from the V30 data by 1.5 in log N, wliere  the last bills  in Lotli  cases have about 100

stars contributing to them. ‘1’hc  solid lines arc not forlnal fits to tile data but rather lines of

slope 0.67 as found to bc generally applicable to other nearby galaxy bright-star luminosity

functions. As can  bc seen these lines  do rc])rcscnt the new  data sufficiently well that tllcre is

no mason to believe that M81 harhors  a population of stars anomalous in this mass function

the bright end. Silni]ar  conclusions have been  rcachcd by Zickgraf & IIulllpllrcys ( 1 991).

IIow

at
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VI. CONCLUSIONS

IIasecl  on BVIU data acquired for two thirty-day Ccpheids il~ h481 a robust  cstilnate of the

true distance modulus to this galaxy has hccn  dctcrmincd to bc 27.75  msg. Systematic errors

duc to random phase and incomplete filling of the instability strip account for less than 0.1 mag

of uncertainty. Photometric errors, assessed from indcpendcnt]y  processing repeat observations

of the same stars on consecutive nights, to derive indcpcndcnt  distance modulus solutions arc the

dominant source of random error, amounting to tO.28 mag (i.e., 14% in distance).

~’l]e  main scqucncc luminosity functions in each of tllc two ~kq)l~eid  fields  of h481 arc found

to bc consistent with the universal slope of Alog  N/AV = 0.67 found for the brightest stars in

tllc blue plume of other nearby galaxies, analyzed in a self- consistmt manner.
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Figure Caption

Fig. 1 - A reproduction of a plate of MS] take at tllc prilne focus of the CII’lf71. ‘J’hc areas

marked correspond to the regions over  which stellar photometry was obtained on the CC])

frames shown in detail in Figures 2 and 3. North is at the top, cast to the left. ‘J’hc CCD fralnc

as marked is 2,1 by 3.4 arcmin.

Fig. 2- A reproduction of the V-band CC]) frame ccntcrcd on V2 in h481, showing the

identifications of the dozen or so brightest stars identified by tl)eir Hulnhcrs  in ‘J’able *.

Fig. 3 – A reproduction of the V-band CC]) frame ccntcmd on V30 in M8], showing the

identifications of the dozen or so brightest stars identified by their numbers in ‘J’able *.

Fig. 4 – IIVI{I  apparent distance modu]i  to M81 plotted as a fu]lctioll  of inverse wavclcmgtll.

‘J’hc error bars arc in tile ratio of tllc intrinsic widths of tllc 1’1, relations at that wavclcngtll. ‘1’lic

dashed line is chi-squa,red minimization fit of a Galactic cxti]lctioa la~v to the data, corresponding

to a reddening of F,(I1 – V) = O.** ll~ag, giving  a true distallcc ]nodulus for MS] of 27.77 lnap;

from the

Fig. 5 - -

order for

long wavelcmgth  intcrccpt.

A schematic showing the w o r s t - p o s s i b l e  caw sceIIario  I lIat \Yould  lIavc  to ot)tain  in

the two Ccpllcids oljscrvcxl  in M81 to be ]naxi]~lally  rcddcncd and yet still give rise  to

a flat (apparently unrcddcncd)  ]]llllti~vavc~lc]~gtl~  modulus so]utioa.

Fig, 6- ‘J’llc color-magaitudc  diagram for tlIc  stars ill tile \J2 l’icld of hlsl as givcll  in ‘J’able

*. ‘1’llc vertical line shows the position of the I)luc l)IU]IIC  s]liftcd  l)y ];( ]1 – ]~) =. 0.39  mag so

as to fit the MS]  data. ‘J’hc iudividua] data points arc ])lotcd  as l)i~’ariat<,, grcy-scale ,  gaussiall

distril~ution functions, so as to cxplic.it,ly show the error (Jlli])se  associated wit,ll each star’s

ma.gmitudc  ancl c o l o r . ‘1’lle degree to wl~icli  tile error  Clli}js(vi arc lil,l)cd  is a function of tllc

relative contribution of tile 11 and V errors to the color.
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I?ig.  7- ~’hc color-  magnitude cliagram  for tllc stars in tlic V30  l’ield  of M81 as givcll  in ‘J’able *.

The vertical line shows the position of the Muc plume shifted by 1’;(11 – V) = 0.30 mag so as tc) fit

the M81 data.

Fig. 8- ‘The logarithmic luminosity function for the blue stars in two fields in M81 ( V2:

(11 – V) ~ 0.8 mag; V30: (11 - V) s O.**mag). ‘J’lIc  solid line has a slope of 0.67, equal to

that found by Freedman (1985)  to be representative of luminosity functions for a sample of 10

nearby galaxies. ‘J’hc V2 data arc offset downward by 1.5 in log N with respect to the V30 data,

for which tllc vertical scale is correct..
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